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(54) RAW MATERIAL ALLOY FOR NANOCOMPOSITE MAGNET, ITS POWDER AND 
PRODUCTION AND PRODUCTION OF NANOCOMPOSITE MAGNET POWDER AND 
MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently produce magnet powder having a fine and 
homogeneous metallic structure with high reproducibility by allowing it to contain a metastable 
phase in which the Bragg reflection peak in X-ray diffraction lies at the position equivalent to 
specified crystal face spacing and controlling the intensity of the Bragg reflection peak and the 
intensity of the (110) Bragg scattering peak of body-centered cubic type Fe to specified 
ranges. 

SOLUTION: This alloy has a prescribed compsn. of Fe, rare earth elements, B and Co or one 
or more kinds selected from the group consisting of Al, Si, Ti, V, Cr, Mn, Ni, Cu or the like. 
Then, it contains a metastable phase in which the Bragg reflection peak in X-ray diffraction 
lies at the position equivalent to the crystal face spacing of 0.179±0.005 nm. Moreover, the 
intensity of the Bragg reflection peak is 5 to <200% to the maximum intensity of the harrow 
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pattern, and also, the intensity of the (110) Bragg scattering peak in body- centered cubic type 
Fe is <5% to the maximum intensity of the harrow pattern. 
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©«»©«J5W*Nd, Fe 14 BCCi5^< 0 Z<Dm$k, 
Nd 2 Fe, * B»«Ktt«a*»o=7£ft^»r*S 



(6) ftffl 2 0 0 0 - 2 3 4 1 3 7 
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<, ISa{trS. Nd 2 Fe 14 BjW&affc-TSSfi 
tt. Fe 3 B©3Ba<W^7-r*SS<fc0fe»2 0^9 
0 m O£WK<* fi6 1 0-6 9 0 e C?&£o 
[0 03 0] C©J:9«:*»W«cJ:51^*^rtt. F 
e 3 B©*Saft£Nd, Fe, 4 B©ISa{fc£*»5cS 

SI&^5SWfHI«:* D -S C t < . 20n m*ig©{» 

sgr&£ 0 -rat?^ rt*asi^*#c«affc#- 
[0031] wsstiza. *©gas©«jt^*fc*»B 

SftTL>fcl»#, X8iJrt«ilMlcfl«&iJr«e 

WSSEffiZtt, 0. 179nm±0. 00 5nm 

*5*U 0. 4 17nm±0. 0 0 5 nmCD^a 

20 ffifflHfcitfO. 2 6 7nm±0. 0 0 5 n m<Dl£BM 

rmmm z&mc t, mm i^oud?? * vmi 

V-ZZtts?. itcs cn^cMtO. 134nm± 
0. 0 0 5 nm(Ct^ y ^-^*St C 

[0032] &ttm®'&t£ttwc&&btcm%mm 

Fe, B<D^-«C[>*SE^«fc«S6iC*Da 

aaj:0fcis^ias"c*-o-c, Jt«»fcj£i>«fiH©fifi 
30 [0033] m%mm z tta»«a^<o»aia«^jt« 

taz emawiwtf *«w* J: 5 cc^iia^issor 

S»^©tg«4UT. «3cS*IZO?f«E*ffJfflL-CC* 

t4>, *$3Efflz©*aa*SK:»aiiSK*a3eb<tte 

40 KSfciiS. ^cfc, *3ge*Bza**sgttSa^t«:ior 
Jtc!K« t* A: U T C > * 3ft«*> «^Bjr * S . /c/c , 
IWc3aiZ#**W6ta5lSShSJ: 9K«i»jfcfl=t»l 

[0 0 3 4] JKT. ?&aa«*Bf5BBB^6i*tife«^ 

[0035] **\ ^aaawa-rafsw^iattw^ 
[0 0 3 6 ] ?&»»K3WS"r**t, &&mm%±K 

50 ^aUttflWCftS. ^©ii^ Fe 3 B<D*ty-&&£ 
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mhV-i h©»#*»T4>ttt,>fc». $>toM9BMV 
Fe, B(D^ B B B*3*^#<^g-r^CiiC^^„ ■€■©*§ 

[0037] c©j: 9K&*jutttx-r**«g. m% 
mmz<D£.mwmztiz>. *©#£«** xmibstk 

fettft?? 9 mil K - * <D&&-CWM? i> 4 . 

«a^©5%*?ffiK&t>. H^iti&sfi&tn^ 

;MC*S. C©t§£, Fe, B.*£ll{b©;fcg>©}££#S£ 10 

[0038] hKttMt<Dizto<m^*&mimm 

mghit%fc®i)mi$:fc<izj;ixiMmt l c& 20 

«rc*S«fc9«:-rSi4a!*J**. %4ftlRfea&ccft*.-c 
®5K©*iffl*6** < «BW4!fi«#*S. 

[0039] ;wc. j&ipas&wi-r «rs««tHn-r 
s. 

[0040] fcsousaqrraf a 4. MMHWMttflss 

FejM&grfbOTOSS. C©£ 5K^j£KjWS-f Sf 
■Si. teHtS©?? v V&WlK-tom%.ifi^U-rt$ 

FeOSiiTW (110) T^-v^St&b'-i'j&sS 
fiBBO. 2 0 3 nmOegKffil^h. *©5Stt*»^D 

StB©#>v&r&*T^gtfeSS*S#s. a»"C»*C»fi 
[004 1 ] ftfttc. F e ©t*A&tf£ft-3-&gtCtt& 

Slle]WK:<fc-2>4. !»$5ttBZ©7'77d'5Wf-i'©?fi 
a*sg*rifS<&0. ^P-;'>'£->©&iS&g©2 0 
o%*s^.a. 

[0042] C©«t 5«C»S3£fliZ©ik**J*)|Hc*fif 
&tta©JBGff£&». * & ©&&SCC J: o Tfl*&&H 
«l»0*^**C4#'C*&<&a. *©a*tt. F 
e, B©t£IS£lM YimP? &44*>{C. 
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aa©*«a«««^t-rst. Fe, B^Feoswt 

#l*liNd, Fe, « B©Sttfb*|Sj<t©B©SaftliSft 
6ft&<&&. 

[0 04 3] *»H(c«tS^y'3>#y ? hfiBEflUltt 
^©»»4Kl-r*t. TiB©jI"DK:&S. 

[0 04 4] 1. Fe, B<D&¥nitftmaMm<DWf-1(i. 
frefflftitclfy, Fe, BOiSSft^tbfiWffiS-Cga 

[ 0 0 4 5 ] 2 . F e , B<ffiMm#mm&VfHk 

MI&IBBJtt&JBffrr* C 4 a. 
[0 04 6] 3. **fttefiflSJ4a&*#5C4&<. 
f5 B B B {b£8»tt& < JStf 3 it i> c 4 ifi-c * €» J: 5 tea 

[ 0 0 4 7 ] 4 . Fe, B©fSMtK!«ttttMt#JK 

[0048] &2ftlg£5xl 0 4 ~5X l 0 e K/8> 
«cf Stctt. lsi$57rSftipp-;U©ftJi^Mc^i§£fg 

ns«rfta«:is»i/. jg»©-sB4isae@s-t*<bi 

4 fete. Ki*«HK:J:ot:-ctfc^^%at>*>{cip 
r»»*6^IW^©llS©i*A*«*rO, 

^*>a^«jas©«jsgw*«ec a c 4 ^puh-c* 

&*». aft©ffi&^^$^©£tt©fc&«: i & 

[0049] c©<t5 tmmm^xmofi'o'&WiK. 
-•gmomm&m&irzcttf'j&wx&z. *©&»«: 

«. «»©«lft»4o-;Hftffl4©«K«»©jB*i) 
C;ifw5-4l/Tffii<) *3c£WK:»fi)E3-tfSC4# 
#*U>. C©J:5«c«ai©jB*»)«. mt*i4#.«± 

K.mmvtcsZA'* 0 ? a tt&\jx-iimm<»E.+i 
x®mzmmtux<®m-tnmi8.x-zz> (mi©.m» 
wmum) . c^L.r^i//c^©s*o«. a*. 

[005 0] ®»©?B* 0 *»JSW 5^ffi«f6(c4>* 
a. FH^tf. @iE-ra^*po-;i/©^jfi^{cK^^ 

Hffi4*{c±*«:»«i3*T»«SE0*>65l*±tf5* 
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[0O51J3CK. JH3©ft»«ffl*ft*»Wr*. * 
U wn-*n«:*^IHB*R3efS. C©I»I18£p- 

S£&lltSttSC£K£oT:iL&&B^*£»£-t*. c 

5<fc5«:p-ju£iai£<*-t*. o-jmoysm^rinc 10 
«. «9#©h(so-ji/*k«:t*krw. zmvmm 

[0052] ±E©*3&»*ffi«:*fL. *»»*»)©£ 

Kfflfr^T^©«Sg8fc£.&-oW. &iICC®B3'tfS:£ 
m <»4©£?&«H#ffi) U*>Lft#6. c© 

<fc -5 tt*ffitr». P - Jl*fflKfcfct otj 6tiS«»jK 

[0053] ft*}. ±ffi©SU*eH^rffi-CB. ffift©!! 
£-c h p - ji/rtSRtCTkft i* £i£3- c <t tc J: o r a - ;b @ 

[0054] #$WIJTtt. ^B?©^^Sft 
fi) Tm* 6400-800 "Cft:Wffi<,>aS{c££©S 30 
S£<gT3ttS. ±&©@tKn-^£ffil>a{Bjft©#& 

«c*}t,i-rfc, ^©jg^Oin-ju^jiffii©^^^ 
i*x?ftmA0> e. & s -3i»M±K-i- s c t tmmx * 

S. -Tftto^. SI ©£tf&SB2rffi©*B£. 
©**3«JSES-ffiKHtU:K:-rSi. &»«£•}©£ 
fiSKJftW^RRSiftO. JE»tt«*l^-C#ft<ftS. 

»2©ii^ss^-c«. ^jB*o©fc&©^ra«ria: 
tm>sfc«>. c©±K«i«a6*>««3n4*J. d- 

;l/4«»i©«J!*SS*»fi<ftSi. J8B«JtCfc&*>e> 

©&©«sA#Si&3ftSfc*. 8B«©l9ltt<:£{bP£ 40 
osjr^cfts. cti6©a*>6. mwa^«c*}i,» 

r«SMS§4*>»5mmfe(±5 0mm«TtC-rsci*J 
[005 5] a-*SB©*ttaK«. ±fB«ftfefi3?r 

^■r?.s«^rt«:*}i>-r§fii©^iiK^ji^-r-5 
Jr^KHiSSns. #*U>P-4^ffi©g«ttS£ra. 
JH 1 ©.%ftiSiB;fii£©t§£ 6-20 m/#fISr * 0 . 
* 2 ©ft$«g#&©Jte 2-8 m/#ggt?J5 S. b 
fcftiX, fflb&Sifil 0mm. ^EilS#6m/#© 

t§£. i 2oo*c^6 8oo-c*r-^aj-rwi. 2. 4 50 
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x 1 0 6 K/»©ft*PiIK#?# 6ft£C£«tftS„ 
[005 6] ft^&ft&tfigiii n-*t©SB»*g*> 
&B#3*i3«ft©o-;i'*ffiai»J:. ffl*.i2«MS3 
5mm©it£, 1 2 00"C*>6 8 00'CST©i|@40 0 

K©fiKEpa*sfi^aeia5 x 1 o 4 k/#-c^*p-t 
z>3kfrK.ftmz>. mtmrnt* o o k+ 5 x 1 o 4 k 

/&*68m/#r**C£#g#S*i5©-C. g<gP 
-;U^ffiiiatt5mm-8m/##>6$\>0. 6 3m/» 

ifts. mason- )i>mmmz. mmimmz 

50mmtl 2 0 0'C*e»4 0 0 , C*r©ifI8 0 0K© 
SSEIffl%5 x l 0 6 K/#-efcSI-r 5C iCcffl^b. 
3 12. 5m/#£ftS. 

[0057] p-;i/«Baa»«ai>i. »&&t&u- h 
£»©a»*sw-t>-r < & *fc»a* t,< fti». 
p-;«®3$a* s jiT^si. s^tBso^asLi/t^ 

^K«g©*tf^^Eit(c ft S ^ A , p - ;i/#»>II|&«: J; 

m&««**i-r afci&Ktt. » i ©n^^ffi-c«a 

S6-2 0 m/tjSS, SB 2 ©m^^-C« 2 - 8 m/ 

[005 8] ft*Piia5 x 1 0 4 -5 x 1 0 6 K/#f 
Ja4©#ffiKJ:»)»i5>*lfc££©J*S». ii^7 0-3 
0 0 wmfllg©®fflrttC&^ 0 &&«BtC*}tf S«BI? 

b© rogAtstfi i p - ;hib i o&mmmic «t o & 

*^MtB5 0mm/#-l 0 Omm/tJ- 1 

©surc*a. se-»-c. ^^wj©wstt. *i*.t3£tt 

S*s 1 0 mm-caB2S6 m/#r 1 2 0 0 '»6 8 0 

o'c&v&mtiM* wmmfto. i6 7m/#r* 

SA^. *^J8 0 m~ 1 7 OiimT-£>£„ 
[ 0 0 5 9 ] WT. 0B«:#Hl/ft^6 t *^©«fe 

[0060] [B(»^*iJ:c;*©»*©»63fifffi] * 

mmm-cit. mi (a) *}<fcc; (b) (c^-r»B%ffl 

tfK»^^©BWfc*Hp<fc». ^rStt^x#Hm*-C^ 

[ 0 0 6 1 ] m 1 ©&««. SC^ *fc»^«tt^#H 
<D®%m 1 *}«fca t ^^2«r«Art>5. 

[0062] mmm 1 a. ^©ae^fflBSKfts «t 

5JcB^3tifcm»2 0*?l5a(cr*)»rsj8)»^3 
i. «|MclH»>'X;l/5*WT*Bf»SB4t. AM© 

W^©1§»2 l^W^.. *©fflj»att*Bfje©U"«JU 
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[0 06 3) ^S2«. \ti»sX>l5iflhWc]m2 

KilOi^Iitt^o c^ggcc^^ ftjft tti 

t©«fc$&SSttt> «Atf»H¥8-2 7 7 

4 0 3-stfi«lC»0 < BB»S*VCC>S. 

[0064] c©«accte^rtt, ®mm l *$J:»li» 

5 2 ^©^fflfifc <fc Cf *©EE*^Bf5E©«H«:*0» S ft 
&o *©fc»fc. *H»^tt»Plb, 2b, 8b, 
*5<fctf9 b 1 a, 2 a, 8 a, teJ:tf9a 

[0 06 5]*)Bjp3ttflBB!?Iffi-C*!3, P-h6*^ 
t/C*»2 l*B»SFS4rt«:jftStt?iiO. »*2 1 
«3Sf i»S2§ 4 ft ecbn rwimofflisauc J: r » 

£ft£o 

[0 0 6 6] K«KgS4©ffl»yX^5tt 1 KMaKl ± 

iT^CcffiBrS^aa-^TORfflKatTS**. ffl 
*->Xjl/5©*y:7-f Xfttt % WAtfO. 5-2. 0m 
mtl,S 0 «j§2 l©tttt#;**ir>J§£ % «ft2 ltttB 
»^X^5rtftiftncc< < igjg^l ifi»S2 

[0 06 7] Jftjpn-;I/7(DSffi««*«^PA«>o# 

■ratotirteO, »»n-;U7©iiatt«iLtt3 0 0 

-5 0 0mmr^ e ^n~;b7rtCCRWJbtoa*« 

fccriwau tsip^ti^o 

[0068] *SKK £fttf, «*.tf£ft2 0 k g©M 
2 0 - 4 0 #|fflrfil«MSB 3 i* 5 c £ #-c # 

$ : 7 0-1 5 0 /am, (f : 1 . 5-6mmC^Mw 
(££V*» 2 2t*^ ffi^gl OK J: org 
5 2 - 1 5 0 m mgg©££?5tf- 2 3 fcK# S ft /c© 
o, H«««»9«:J:orBiRSnS. EB*Lri>*S 
■Wrtt* SJRI9HIIS9{csMftl i%«it^r*j 
*ftKJ:orj»ii-2 3*Eti-r*ct3&s , c*a. 
[0 069] %«c, h i <om^im^itsm^&<m& 

[ 0 0 7 0 ] HKSW*F e, o o - , - » Rx B 
y v Feioo-x- y -,RxB y Co z ,Fe 
ioo-x-y-uRxByMa, $ tdit F e 
ioo-»-,-i-.R«B, Co,M. ©fHJftfrr 
*8h8t-/3>#s;9 Ffi£Sffi£&©8»2 1 4f^« 
L/, jM£l®BHB£a4CCtt*&. Ctr, R, M, 

r&&„ 

[0 07 1 ] C©jg?»2 lttH«yX^5*6* 
»a-jU7±K:a»3*i. *»u^7i©«UJ[«:j:o 
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ft$KB©fc&«:tt. C©{tiCC#XT h ^-fX 

[0 07 2 ] 4**»j«rB % i§i§2 l ©»ip»Hecis 

10 L/C, ^M^5x l 0 4 -5x 1 0 e K/#t+ 
C©&ajjtgr££©S££AT 1 JJEftMSCafiflBC 
ffiT3tf&. &#BU©££i§Si2 KOJIttttBbaTmCC 
jfiDfltt (0flx« 1 2 0 0 - 1 3 0 0 °C) fchZlcib, 
^fe©BKttJft»o-;U7±'CTm*6 (Tm-AT 

1) fcSTMETT*. «WWB*OHRK:j:ti« k ^ 
WftBBtttt^iS-fr^il^ttS^eAT 1 fcU 0 
0^8 0 0XXD«Hl*l«C*SC<5:3&sjfiF*Ll». 

[0 0 7 3] £&©jg»2 i^ipn-;i/7Cc<fcor^ 
*P3ti*«fPfl«, 0$sT£^u~;l/7©Wlf!®6£ 
20 &WSS«U'C*6«*i**'C©l*IHK:tlSL, #jlJ67f? 
.«©«£«<). 5-2^;»r*5. *©ra«:, &&<o 

Sffi«MtcAT2/cWfiTO, SHTS. ^©&, 
l/te^*tt»ain-ji/7*6IHi. *iS4#H«**?R 

**«*>tl*IS*. e©M«(Tm-ATl-AT 

2) WSTf AT2(i, SiW-fXtaMW^ 

<DE.tH£.£-?xmt?&fr* mi oox;*fctt*tia± 
r&£„ 

[0074] ^aBBsrctt, ^;f2 2 ©saw 

30 (Tm-AT 1 -AT 2) KftofcRBrftRrtT?** 

*>fcK»xg*^7 0 , z<Dmx&£BK 2 3 

So ^©/c^ v (Tm -ATI -AT 2) #££©#5 
XffcfiKTg<fc0fcffi<&*<fc5fc (AT 1 +AT 2 ) 
©^SiSiK'rSCij&ijfiFSfUK feb, (Tm-A 
T1-AT2) ^TgT&fttf, ^^tOJfctWitc 

aswsaaif KfiT-*- ^>/c^, (at i + at 2 > ©^ 

40 [0 07 5 ] tj:te x Si»M2rt©l6»EE*tt, 2-3 0 
kPaOftHrtKRJEtSCta&JIfSK. 3-1 0k 

«c»EttJB-Cjg»2 l£i$»P-7 7±*t»TTfttf, 
?§^2 l 4n-^7©«H&©H«:#IB»itfX3&s**ii 

*ns4s*ti*stt<&o, *»2 i©»»aa«£*j: 

^^»«2 2 3&sf#6ns*>e>r*-s. ctittcftux, 

rH«-r*»aia-7±«c»»2 l*»T-r*i. ^ 
50 »S2 2©«BS»R^tl/rL*5*J**i^*S. 
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[0 0 7 6 ] ttc, J: 5 K. &&«HI?1 

[0077] {SK^gCCJ; ot«»3hfc^^ 

&©»«wi&^8fc<fcorKKtMmitf. jsmmii 
m^o&oimjMicm Ltc*z$ ©££«**«* io 
•rsci*sr^-2. 0 *^»igitii, ;<>7- square 

ift8 5 0 nmUT tteZ&T&&<DWlfm*:fi ~>tdk. 
b - >-f ^ X i» 5 or&Jgrt^ 150« mJitT 

4fc£*rfS#t-2>. 

[0 07 8] [t>»a>#j?? h«E»*©«ai*ffi] 

[oo79iH2«. y-v^v^m^tcm^ms^ 

&B£*Or(,>*. commit, #tt2 8tC«fc-?r@3g 
?T««:$»St»fc@RO-;l'2 4fcJ:Cf2 5<!:. 20 
©0Ea-jl/2 4fcJ:i>'2 5©ia$KK:<fcor— -fifaltm 

%m%.vm®ztiz>y b 2 6 <b*«*-ci,»s. 

M*4££©$5f;tt:? - h 2 6±©M*4? v - K(4 

U2-4nim) CctSggft*. •£©&, t&jfcfct£)S? 

fc&©£$HI*:gW*. (tfcUigS 1 1 0 

0 mm) F»itCW. tSJA«3 !/->CCfettr*Hin©fc- 30 
$ft$d,m.2tiXl>Z> (ll/->0g3Bflilf3OOni 
m) . f&*tt».V->rt£&SSL&#6. $y*5a£3 

0 0mm©^V->C#i?£U t&*tt*&3ttfc&: 
««rt*ii» , r*C4K:j:-9'CJWJ>3*iS. »»S*ifc 
t&*«. lEa-7 2 5©£T^-C^0^©@iR^g(c 

[0080] c<mmmsicj:tnt, htitcmm 

[008 1 ] iMBIXfli LXit. 

1 0 0-1 50 , C/'^(C-C«iteSja®59 0~7 00'C 
(Ci-Cl^^t, *©tfc«45~l 5#ga©«t,>7efi! 

j#-rtitm>. n oo~ 

[0082] &&S©®ll33fcJl£ii*;*tf 3tc 
tt, 7 — h 2 6 ©JI4JA < L . 7-^h2 6 

©#iis s %tc o ©»*«*«**# < -r jjd& 

'/->©SS*S< 72 4*j«tO'2 5©@ 50 
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[0083] JjaNUfiiBtatc J: &fRU&9$£ttfcJ)Sttt 
«Eibr©1$&£#feSr££«i:5tCft.S„ CHt, 

[0084] [fi8S©$£t;fri£) KTRc. ±IB^ y 3 > 
S. 

[0 08 5] ST. ^©Jc^tCl/Tffiatlfc^ynV 

-i^n^Ji^Jin^. mmtz>cttc£ix=i>'-iv> 
Firm**. <!rk, =»>a$ F«»fa0g«©fiS»3giai 

4J#ojs»|^KJ:r>r:7V*iS»Lfc». ftdWWLr 
fl. n-f^yil, tSSlS. Sffifclfl 

[0 086] sBKWItt. J^E»fi»B«:iHS3*iS 

J: or W50$tt. Sffl-T5^ffi©« 
WtcifeDr 75 x 9 ■> i>m%*=f At m»2 tiz c tic 

ft -5. 

[0087] &te. 9iwmK.iL orjs 

<jffiffiStiri>S#D^5 H ©ffe. PPS 

©«fc ^ (cjMk^kj^iB*ttffl-r * c 4 *»r * 5. cn 

B. 4^©KB»**Jfi«±JH^36»iE.«ttS*iri,» 
[ 0 0 8 8 ] ttc. *8m<DWEimit$tiK< l»fc 

Sfor, «*tf. »TOo ? h4f#ogp D ° a 
©X a , hrttcWfflSBBK J: or*»W©»B»**j «t 
C«61B»I84BEXU. *htcJ:or«MliEc«tt©8l5ft 

-wmc&i-itcmi.zmtktz c 1 1, pj^r-^s. 

[0 08 9] c©«fc^{curKjib/c 
SKE=&fit^./i:*-$©*ife^SS%i»wr*. 

[0 090] *JU6»Sg©*-^«. IPMdnne 
r Permanent Ma g n e t ) M*-#r$> 
D. B9^©Kj«^(cJ:or^l3L//c4<>KS8[S ; &-» 

[0 09 1 ] *»W©«5«. C©«©*-*« 
Wc4>. fte©s^©*-$^>ri'9 1 iX-$«:ji?siccffl 

[0092] WTJC. 4»fH©Httef|«5j:C»tRM«tt 
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[0093] mi ommm] *mm?\t % »s*e* 
#3 o k p a ar(D7)i^y^m^^m^o^mm 

Xm&f-otc. fMPO-^il/Ttt, US 5-1 5 Mm 
©*PA*^*Hr«fcJifc»£^P-Jl/ (US: 3 
50mm) *ffll^c. ^©^££$iP 1 0 m/# 

immfcbtctcz. 1 3 o o-c-c&o/c. $6s«, ^ 

y7-/^^6»fi#l 0-2 0 hresi . 3- 

1. 5mmfcl/T8nFS-t*fc. 10 
[ 0 0 9 4 ] 511 CC«JW«Koi>rC!>«ii©tttfu *5 

#5-2 0 O%0mm\*tiC$>-?tc o SlCCfcli 

t\ Mil a trj ofBtciBastirc^ rNd2. 5 + 
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CLAIMS 



[Claim(s)] 

[Claim 1] A general formula FelOO-x-yRxBy, FelOO-x-y-zRxByCoz, It is the 
raw material alloy for nano composite magnets expressed with FelOO-x-y- 
uRxByMu or FelOO-x-y-z-uRxByCozMu. R contains the element of either Pr 
or Nd and both more than 90 atom %. They are the rare earth elements 
with which the remainder contains other lanthanides or the element more 
than a kind of Y less than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, 
nickel, Cu, Ga, Zr, It is an element more than a kind chosen from the 
group which consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The 
presentation ratio x, and y, z and u satisfy 2<-x<~6, 16<=y<=20, 
0. 2<=z<=7, and 0. 01<=u<=7. And the metastable phase Z in the location 
equivalent to crystal-face spacing whose Bragg reflection peak in an X 
diffraction is 0. 179nm**0. 005nm is contained. The raw material alloy for 
nano composite magnets whose reinforcement of the bragg scattering (110) 
peak of the body center cube mold Fe the reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern, and is less than 5% of the highest 
reinforcement of said halo pattern. 

[Claim 2] A general formula Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, It is in 
the end for nano composite magnets of a raw material alloy powder it is 
expressed with Fel00-x-y-uRxByMu or Fel00-x-y-z-uRxByCozMu. R contains 
the element of either Pr or Nd and both more than 90 atom %. They are 
the rare earth elements with which the remainder contains other 
lanthanides or the element more than a kind of Y less than 10% 0% or 
more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, It is an 
element more than a kind chosen from the group which consists of Nb, Mo, 
Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and y, z and u 
satisfy 2<=x<=6, 16<=y<=20, 0. 2<=z<=7, and 0. 01<=u<=7. And the 
metastable phase Z in the location equivalent to crystal-face spacing 
whose Bragg reflection peak in an X diffraction is 0. 179nm**0. 005nm is 



contained. The end for nano composite magnets of a raw material alloy 
powder whose reinforcement of the bragg scattering (110) peak of the 
body center cube mold Fe the reinforcement of said Bragg reflection peak 
is less than 200% 5% or more of the highest reinforcement of a halo 
pattern, and is less than 5% of the highest reinforcement of said halo 
pattern. 

[Claim 3] A general formula FelOO-x-yRxBy, FelOO-x-y-zRxByCoz, It is the 
raw material alloy for nano composite magnets expressed with Fel00-x-y- 
uRxByMu or FelOO-x-y-z-uRxByCozMu. R contains the element of either Pr 
or Nd and both more than 90 atom %. They are the rare earth elements 
with which the remainder contains other lanthanides or the element more 
than a kind of Y less than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, 
nickel, Cu, Ga, Zr, It is an element more than a kind chosen from the 
group which consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. In the 
approach the presentation ratio x, and y, z and u manufacture the raw 
material alloy for nano composite magnets with which are satisfied of 
2<=x<=6, 16<=y<=20, 0. 2<=z<=7, and 0. 01<=u<=7 By including the process 
which forms the molten metal of said raw material alloy, and the process 
to which the rapid solidification of said molten metal is carried out, 
and adjusting the cooling rate of said alloy on the occasion of said 
rapid solidification process The raw material alloy after coagulation 
contains the metastable phase Z in the location equivalent to crystal- 
face spacing whose Bragg reflection peak in an X diffraction is 
0. 179nm**0. 005nm. And the reinforcement of said Bragg reflection peak is 
less than 200% 5% or more of the highest reinforcement of a halo pattern. 
And the manufacture approach of the raw material alloy for nano 
composite magnets characterized by the reinforcement of the bragg 
scattering (110) peak of the body center cube mold Fe carrying out to 
less than 5% of the highest reinforcement of said halo pattern. 
[Claim 4] The manufacture approach of the raw material alloy for nano 
composite magnets according to claim 3 which includes further the 
process which produces powder from said raw material alloy by which 
rapid solidification was carried out. 

[Claim 5] The manufacture approach of the raw material alloy for nano 
composite magnets according to claim 3 of making the cooling rate of 
said alloy into a 5x104 - 5xl06K/second, and reducing the temperature of 
an alloy to low temperature only by 400-800 degrees C from the 
temperature Tm of the alloy before quenching in said rapid 
solidification process. 

[Claim 6] A general formula Fel00-x-yRxBy, Fel00~x-y-zRxByCoz, It is the 
alloy for nano composite magnets expressed with Fel00-x-y-uRxByMu or 



FelOO-x-y-z-uRxByCozMu. R contains the element of either Pr or Nd and 
both more than 90 atom %. They are the rare earth elements with which 
the remainder contains other lanthanides or the element more than a kind 
of Y less than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, 
Ga, Zr, It is an element more than a kind chosen from the group which 
consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation 
ratio x, and y, z and u satisfy 2<=x<=6, 16<=y<=20, 0. 2<-z<=7, and 
0. 01<=u<-7. And the metastable phase Z in the location equivalent to 
crystal-face spacing whose Bragg reflection peak in an X diffraction is 
0. 179nm**0. 005nm is contained. The reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern. And the process which prepares the 
powder of the raw material alloy for nano composite magnets whose 
reinforcement of the bragg scattering (110) peak of the body center cube 
mold Fe is less than 5% of the highest reinforcement of said halo 
pattern, The manufacture approach of the nano composite magnet powder 
which includes the process which heat-treats to the powder of said raw 
material alloy for nano composite magnets, and performs crystallization 
of a Fe3B compound and a Fe-R-B system compound by it. 
[Claim 7] The process which prepares the powder of said raw material 
alloy for nano composite magnets Include the process which forms the 
molten metal of said raw material alloy, the process to which the rapid 
solidification of said molten metal is carried out, the process which 
crushes said raw material alloy by which rapid solidification was 
carried out, and the process which grinds said raw material alloy, and 
it sets at said rapid solidification process. The manufacture approach 
of the nano composite magnet powder according to claim 6 which makes the 
cooling rate of said alloy a 5x104 - 5xl06K/second, and is characterized 
by reducing the temperature of an alloy to low temperature only by 400- 
800 degrees C from the temperature Tm of the alloy before quenching. 
[Claim 8] A general formula Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, It is the 
alloy for nano composite magnets expressed with Fel0O-x-y-uRxByMu or 
Fel00-x-y-z-uRxByCozMu. R contains the element of either Pr or Nd and 
both more than 90 atom %. They are the rare earth elements with which 
the remainder contains other lanthanides or the element more than a kind 
of Y less than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, 
Ga, Zr, It is an element more than a kind chosen from the group which 
consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation 
ratio x, and y, z and u satisfy 2<=x<=6, 16<=y<=20, 0. 2<=z<=7. 0, and 
0. 01<=u<=7. And the metastable phase Z in the location equivalent to 
crystal-face spacing whose Bragg reflection peak in an X diffraction is 



0. 179nm**0. 005nm is contained. The reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern. And the process which prepares the 
powder of the raw material alloy for nano composite magnets whose 
reinforcement of the bragg scattering (110) peak of the body center cube 
mold Fe is less than 5% of the highest reinforcement of said halo 
pattern, It heat-treats to the powder of said raw material alloy for 
nano composite magnets. By it The manufacture approach of the nano 
composite magnet which includes the process which performs 
crystallization of a Fe3B compound and a Fe-R-B system compound, and the 
process which forms a Plastic solid using the powder of the raw material 
alloy after said heat treatment. 

[Claim 9] The process which prepares the powder of said raw material 
alloy for nano composite magnets Include the process which forms the 
molten metal of said raw material alloy, the process to which the rapid 
solidification of said molten metal is carried out, the process which 
crushes said raw material alloy by which rapid solidification was 
carried out, and the process which grinds said raw material alloy, and 
it sets at said rapid solidification process. The manufacture approach 
of the nano composite magnet according to claim 8 which makes the 
cooling rate of said alloy a 5x104 - 5xl06K/second, and is characterized 
by reducing the temperature of an alloy to low temperature only by 400- 
800 degrees C from the temperature Tm of the alloy before quenching. 
[Claim 10] The process which forms said Plastic solid is the manufacture 
approach of a nano composite magnet including the process which produces 
a bond magnet using the powder of the raw material alloy after said heat 
treatment according to claim 8 or 9. 

[Claim 11] The motor equipped with the nano composite magnet 
manufactured by the manufacture approach of a nano composite magnet 
according to claim 8, 9, or 10. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture 
approach of a nano composite magnet that the microcrystal of a Fe3B 
compound and the microcrystal of a Fe-R-B system compound were 
intermingled. It is related with the manufacture approach of the raw 
material alloy for manufacturing a nano composite magnet especially and 
its powder, and a raw material alloy, and the manufacture approach of 
nano composite magnet powder or a nano composite magnet. Moreover, this 
invention relates also to the motor equipped with the nano composite 
magnet. 
[0002] 

[Description of the Prior Art] A Fe3 B/Nd2Fel4B system nano composite 
magnet is a magnet which the Fe3B microcrystal which is a software 
magnetism phase, and the Nd2Fel4B microcrystal which is a hard magnetism 
phase were distributed over homogeneity, and both combined magnetically 
by the exchange interaction. These microcrystals have the size of 
NAN0MET0RU (nm) order, and since they constitute the organization (nano 
composite organization) which both the microcrystals phase compound-ized, 
they are called the "nano composite magnet. " 

[0003] A nano composite magnet can demonstrate the magnet property which 
was excellent with magnetic association with a hard magnetism phase, 
though a software magnetism phase is included. Moreover, the content of 
rare earth elements is low stopped as a whole as a result of existence 
of the software magnetism phase which does not contain rare earth 
elements, such as Nd. This is convenient, also when reducing a magnetic 
manufacturing cost and supplying a magnet to stability. 
[0004] Once such a nano composite magnet quenches the fused raw material 
alloy and makes it amorphous by it, it is manufactured using the 
approach of depositing a microcrystal, by heat treatment. 
[0005] The alloy of an amorphous state is produced using melt spinning 
techniques, such as the piece rolling method, and that [ its ] of **** 
is common. A melt spinning technique flows down a molten metal-like raw 
material alloy on the periphery front face of the rotating cooling 
roller, and makes a raw material alloy quench and solidify, when only a 
cooling roller and a short time contact a molten metal raw material 
alloy. When based on this approach, control of a cooling rate is 
performed by adjusting the revolution peripheral velocity of a cooling 



i 

roller. 

[0006] The alloy which solidified and is separated from a cooling roller 

becomes the ribbon (thin band) configuration prolonged thinly and for a 

long time in the peripheral-velocity direction. After crushing and 

flake-izing this alloy thin band with a fracture machine, disintegration 

of it is ground and carried out to finer size by the grinder. 

[0007] Then, heat treatment for crystallization is performed. A Fe3B 

microcrystal and a Nd2Fel4B microcrystal will be generated by this heat 

treatment, and both will be magnetically combined by the exchange 

interaction. 

[0008] 

[Problem (s) to be Solved by the Invention] It is important when what 
kind of metal texture is formed by heat treatment raises a magnet 
property. However, this heat treatment had the trouble of some [ the 
viewpoint of a controllability and repeatability ]. That is, as a result 
of big heat' s occurring at the crystallization reaction of an amorphous 
raw material alloy for a short time, there was a problem that control of 
the alloy temperature by the thermal treatment equipment was difficult. 
Since the temperature control tended to have lapsed into disabling when 
it is going to heat-treat to the raw material alloy-powder end of a 
large quantity especially, it becomes impossible to have heat-treated 
only to the raw material alloy-powder end of every [ small quantity ], 
and there was a problem that a processing rate (powder throughput per 
unit time amount) will fall. This had become the big trouble for 
fertilization of magnet powder. 

[0009] This invention is made in view of these many points, and the main 
object lessens crystallization heat of reaction, and is to offer the raw 
material alloy for nano composite magnets suitable for manufacturing 
efficiently the magnet powder which had a detailed and homogeneous metal 
texture by it with sufficient repeatability (powder), and its 
manufacture approach. 

[0010] Moreover, other objects of this invention are to offer the 
manufacture approach of nano composite magnet powder excellent in the 
magnet engine performance, and the manufacture approach of a nano 
composite magnet. 

[0011] The object of further others of this invention is to offer the 
motor equipped with the nano composite magnet with the property which 
was excellent in this way. 
[0012] 

[Means for Solving the Problem] The raw material alloy for nano 
composite magnets by this invention A general formula Fel00-x-yRxBy, 



FelOO-x-y-zRxByCoz, It is the raw material alloy for nano composite 
magnets expressed with FelOO-x-y-uRxByMu or FelOO-x-y-z-uRxByCozMu. R 
contains the element of either Pr or Nd and both more than 90 atom %. 
They are the rare earth elements with which the remainder contains other 
lanthanides or the element more than a kind of Y less than 10% 0% or 
more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, It is an 
element more than a kind chosen from the group which consists of Nb, Mo, 
Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and y, z and u 
satisfy 2<=x<=6, 16<=y<=20, 0. 2<=z<=7, and 0. 01<=u<=7. And the 
metastable phase Z in the location equivalent to crystal-face spacing 
whose Bragg reflection peak in an X diffraction is 0. 179nm**0. 005nm is 
contained. The reinforcement of said Bragg reflection peak is less than 
200% 5% or more of the highest reinforcement of a halo pattern, and the 
reinforcement of the bragg scattering (110) peak of the body center cube 
mold Fe is less than 5% of the highest reinforcement of said halo 
pattern. 

[0013] The end of a raw material alloy powder for nano composite magnets 
by this invention A general formula Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, 
It is in the end for nano composite magnets of a raw material alloy 
powder it is expressed with Fel00~x-y-z-uRxByMu or Fel00-x-y-z- 
uRxByCozMu. R contains the element of either Pr or Nd and both more than 
90 atom %. They are the rare earth elements with which the remainder 
contains other lanthanides or the element more than a kind of Y less 
than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, 
It is an element more than a kind chosen from the group which consists 
of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and 
y, z and u satisfy 2<=x<=6, 16<=y<=20, 0. 2<=z<=7, and 0. 01<=u<=7. And 
the metastable phase Z in the location equivalent to crystal-face 
spacing whose Bragg reflection peak in an X diffraction is 
0. 179nm**0. 005nm is contained. The reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern, and the reinforcement of the bragg 
scattering (110) peak of the body center cube mold Fe is less than 5% of 
the highest reinforcement of said halo pattern. 

[0014] The manufacture approach of the raw material alloy for nano 
composite magnets A general formula Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, 
It is the raw material alloy for nano composite magnets expressed with 
Fel00-x-y-uRxByMu or Fel00-x-y-z-uRxByCozMu. R contains the element of 
either Pr or Nd and both more than 90 atom %. They are the rare earth 
elements with which the remainder contains other lanthanides or the 
element more than a kind of Y less than 10% 0% or more. M aluminum, Si, 



Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, It is an element more than a kind 
chosen from the group which consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, 
and Ag. In the approach the presentation ratio x, and y, z and u 
manufacture the raw material alloy for nano composite magnets with which 
are satisfied of 2<=x<=6, 16<=y<=20, 0. 2<=z<=7, and 0. 01<=u<=7 By 
including the process which forms the molten metal of said raw material 
alloy, and the process to which the rapid solidification of said molten 
metal is carried out, and adjusting the cooling rate of said alloy on 
the occasion of said rapid solidification process The raw material alloy 
after coagulation contains the metastable phase Z in the location 
equivalent to crystal-face spacing whose Bragg reflection peak in an X 
diffraction is 0. 179nm**0. 005nm. And the reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern, and the reinforcement of the bragg 
scattering (110) peak of the body center cube mold Fe carries out to 
less than 5% of the highest reinforcement of said halo pattern. 
[0015] The process which produces powder from said raw material alloy by 
which rapid solidification was carried out may be included further. 
[0016] In said rapid solidification process, it is desirable to make the 
cooling rate of said alloy into a 5x104 - 5xl06K/second, and to reduce 
the temperature of an alloy to low temperature only by 400-800 degrees C 
from the temperature Tm of the alloy before quenching. 
[0017] The manufacture approach of the nano composite magnet powder by 
this invention A general formula Fel00-x-yRxBy, Fel00~x-y-zRxByCoz, It 
is the alloy for nano composite magnets expressed with Fel00-x-y-uRxByMu 
or Fel00-x-y-z-uRxByCozMu. R contains the element of either Pr or Nd and 
both more than 90 atom %. They are the rare earth elements with which 
the remainder contains other lanthanides or the element more than a kind 
of Y less than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, 
Ga, Zr, It is an element more than a kind chosen from the group which 
consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation 
ratio x, and y, z and u satisfy 2<=x< := 6, 16<=y<=20, 0. 2<=z<=7, and 
0. 01<=u<=7. And the metastable phase Z in the location equivalent to 
crystal-face spacing whose Bragg reflection peak in an X diffraction is 
0. 179nm**0. 005nm is contained. The reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern. And the process which prepares the 
powder of the raw material alloy for nano composite magnets whose 
reinforcement of the bragg scattering (110) peak of the body center cube 
mold Fe is less than 5% of the highest reinforcement of said halo 
pattern, It heat-treats to the powder of said raw material alloy for 



nano composite magnets, and the process which performs crystallization 
of a Fe3B compound and a Fe-R-B system compound by it is included. 
[0018] The process which prepares the powder of said raw material alloy 
for nano composite magnets Include the process which forms the molten 
metal of said raw material alloy, the process to which the rapid 
solidification of said molten metal is carried out, the process which 
crushes said raw material alloy by which rapid solidification was 
carried out, and the process which grinds said raw material alloy, and 
it sets at said rapid solidification process. It is desirable to make 
the cooling rate of said alloy into a 5x104 - 5xl06K/second, and to 
reduce the temperature of an alloy to low temperature only by 400-800 
degrees C from the temperature Tm of the alloy before quenching. 
[0019] The manufacture approach of the nano composite magnet by this 
invention A general formula Fel00~x-yRxBy, Fel00-x-y-zRxByCoz, It is the 
alloy for nano composite magnets expressed with Fel00-x-y-uRxByMu or 
Fel00-x-y-z-uRxByCozMu. R contains the element of either Pr or Nd and 
both more than 90 atom %. They are the rare earth elements with which 
the remainder contains other lanthanides or the element more than a kind 
of Y less than 10% 0% or more. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, 
Ga, Zr, It is an element more than a kind chosen from the group which 
consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation 
ratio x, and y, z and u satisfy 2<=x<=6, 16<=y<=20, 0. 2<=z<=7. 0, and 
0. 01<=u<=7. And the metastable phase Z in the location equivalent to 
crystal-face spacing whose Bragg reflection peak in an X diffraction is 
0. 179nm**0. 005nm is contained. The reinforcement of said Bragg 
reflection peak is less than 200% 5% or more of the highest 
reinforcement of a halo pattern. And the process which prepares the 
powder of the raw material alloy for nano composite magnets whose 
reinforcement of the bragg scattering (110) peak of the body center cube 
mold Fe is less than 5% of the highest reinforcement of said halo 
pattern, It heat-treats to the powder of said raw material alloy for 
nano composite magnets, and the process which performs crystallization 
of a Fe3B compound and a Fe-R-B system compound by it, and the process 
which forms a Plastic solid using the powder of the raw material alloy 
after said heat treatment are included. 

[0020] The process which prepares the powder of said raw material alloy 
for nano composite magnets Include the process which forms the molten 
metal of said raw material alloy, the process to which the rapid 
solidification of said molten metal is carried out, the process which 
crushes said raw material alloy by which rapid solidification was 
carried out, and the process which grinds said raw material alloy, and 



it sets at said rapid 1 solidification process. It is desirable to make 

the cooling rate of said alloy into a 5x104 - 5xl06K/second, and to 

reduce the temperature of an alloy to low temperature only by 400-800 

degrees C from the temperature Tm of the alloy before quenching. 

[0021] With a desirable operation gestalt, the process which forms said 

Plastic solid includes the process which produces a bond magnet using 

the powder of the raw material alloy after said heat treatment. 

[0022] The motor by this invention is equipped with the nano composite 

magnet manufactured by the manufacture approach of the above-mentioned 

nano composite magnet. 

[0023] 

[Embodiment of the Invention] In this invention, after a general formula 
produces the molten metal of the alloy for nano composite magnets 
expressed with any of Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, Fel00-x-y- 
uRxByMu, or Fel00-x-y-z-uRxByCozMu they are, the alloy molten metal is 
quenched and solidified. 

[0024] R contains the element of either Pr or Nd and both more than 90 
atom % here. They are the rare earth elements with which the remainder 
contains other lanthanides or the element more than a kind of Y less 
than 10% 0% or more. M is an element more than a kind chosen from the 
group which consists of aluminum, Si, Ti, V, Cr, Mn, nickel, CU, Ga, Zr, 
Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and y, 
z and u satisfy 2<=x<=6, 16<=y<=20, 0. 2<=z<=7, and 0. 01<=u<=7. About 
these reasons for presentation definition, it mentions later. 
[0025] It found out that it was desirable to make the cooling rate into 
a 5x104 - 5xl06K/second on the occasion of the cooling coagulation of an 
alloy molten metal as for this invention person. Moreover, it turned out 
that the alloy which carried out cooling coagulation with such a cooling 
rate, and its powder are in a metallic glass condition which is 
described below. That is, the metastable phase Z in the location 
equivalent to crystal-face spacing whose bragg scattering peak in a 
powder X diffraction is 0. 179nm**0. 005nm is contained, and the 
reinforcement of a Bragg reflection peak is less than 200% 5% or more of 
the highest reinforcement of a halo pattern, and the reinforcement of 
the bragg scattering (110) peak of the body center cube mold Fe is less 
than 5% of the highest reinforcement of said halo pattern. 
[0026] When it heat-treats to a such raw material alloy or its powder, 
the nano composite magnet structure where crystallization of a Fe3B 
microcrystal and a R-Fe-B system microcrystal arose, and had the 
outstanding magnet property by it will be discovered. 
[0027] Before the raw material alloy of this invention receives heat 



treatment for crystallization, it has metallic glass structure, and it 
is checked from the powder X diffraction that long-distance periodic 
order nature is not shown. According to the experiment of an invention- 
in-this-application person, by adjusting the cooling rate of an alloy 
molten metal as mentioned above, the metallic glass-like alloy 
containing the above-mentioned metastable phase Z can be formed, and the 
magnetic properties which were extremely excellent with subsequent heat 
treatment will be demonstrated. 

[0028] The 1st reason the magnet manufactured using the metallic glass 
alloy of this invention is excellent in a magnet property is considered 
because the minute precursor (embryo) required for crystal growth, such 
as Fe3B, is distributing by high density in the alloy in an above- 
mentioned metallic glass condition. Therefore, when it heat-treats, 
crystal growth will advance by using as a nucleus short-di stance order 
which the precursor of a large number which exist in an alloy shows, 
consequently the detailed and homogeneous crystalline structure will be 
formed. Moreover, since crystallization of Fe3B advances by atomic 
diffusion of the ultrashort range, there is also an advantage of 
becoming possible to attain the crystallization at comparatively low 
temperature. 

[0029] Crystallization of Fe3B is produced at the temperature of 590-600 
degrees C. With progress of this crystallization, rare earth elements, 
such as Nd, can begin to come to the amorphous field around Fe3B, and 
the presentation of that part approaches Nd2Fel4B. Consequently, 
Nd2Fel4B is crystallized, without needing long-distance atomic diffusion, 
in spite of being a ternary compound with complicated structure. Only 
about 20-90 degrees C[ of the temperature which Nd2Fel4B crystallizes are 
higher than the temperature which crystallization of Fe3B completes, and 
it is about 610-690 degrees C. 

[0030] Thus, with the raw material alloy by this invention, since 
crystallization of Fe3B and crystallization of Nd2Fel4B can be performed 
independently in a different temperature requirement, the big heat of 
reaction accompanying crystallization does not arise for a short time, 
and the detailed metal texture which is about 20nm can be generated with 
sufficient repeatability. This is important when controlling the heat 
treatment process for alloy crystallization. That is, it is because it 
becomes impossible to control the temperature of an alloy to 
predetermined within the limits when crystallization progresses at once 
with big heat of reaction. 

[0031] Although the actual structure is not checked yet, since a 
metastable phase Z has a steep diffraction line peak in a specific 



location by the X diffraction, it can grasp the existence quantitatively. 
A metastable phase Z also shows the bragg scattering peak of this level 
mostly to the location which shows a sharp bragg scattering peak to the 
location equivalent to 0. 179nm**0. 005nm crystal-face spacing, and is 
equivalent to a 0. 417nm**0. 005nm crystal-face spacing and 
0. 267nm**0. 005nm crystal-face spacing. Moreover, in addition to these, a 
Bragg peak may be shown also in 0. 134nm**0. 005nm. 

[0032] It is thought that the metastable phase Z which existed in the 
alloy after rapid solidification is pyrolyzed by heat treatment for 
magnet-izing, and generates metastable phase Fe3B eventually, this 
process is temperature lower than the temperature which generation of 
the ununiformity nucleus of Fe3B produces most frequently, is boiled 
comparatively and considered to go on at the temperature of the large 
range. 

[0033] A metastable phase Z is formed near the front face of a 
coagulation thin band, when the cooling rate at the time of rapid 
solidification is small in comparison, and like [ in case a cooling rate 
is the conventional rapid solidification approach ], when large, it has 
the description which is not generated. In this invention, the cooling 
rate is adjusted so that only a suitable amount may generate a 
metastable phase Z. That is, in this invention, existence of a 
metastable phase Z is used as an index in the case of determining a 
suitable cooling rate. If a cooling rate is reset up based on the amount 
of generation of a metastable phase Z even when the presentation of an 
alloy is changed or a cooling system is changed, the thing of the 
condition optimal as a raw material alloy of this invention will be 
obtained simply. In addition, it is unknown whether the metastable phase 
Z itself has played the big role for microcrystal-izing. However, if 
quenching conditions are controlled to be formed at a rate with a 
metastable phase Z, it turns out that high magnetic properties are 
acquired by subsequent heat treatment. 

[0034] Hereafter, when a cooling rate separates from the predetermined 
range, it explains what arises. 

[0035] First, the case where a cooling rate is too quick is explained. 
[0036] If a cooling rate is too quick, an alloy will be in a nearly 
perfect amorphous state. In that case, since there are very few sites 
which the ununiformity nucleus of Fe3B generates, the crystal grain of 
Fe3B will grow greatly by next heat treatment. Consequently, the 
detailed crystalline structure cannot be formed, but coercive force etc. 
declines and outstanding magnetic properties are no longer demonstrated. 
[0037] Thus, when a cooling rate is too quick, generation of a 



metastable phase Z is controlled. When the reinforcement of the bragg 
scattering peak in an X diffraction estimates the rate of an abundance 
ratio, the bragg scattering peak intensity by the metastable phase Z 
turns into less than 5% of the highest reinforcement of a halo pattern, 
and is in the level hardly observed. In this case, since the nucleus for 
Fe3B crystallization is generated, big driving force is needed, and 
crystallization reaction temperature moves to an elevated-temperature 
side. And since a crystallization reaction will advance explosively once 
a crystallization reaction begins in that case, the heat of a large 
quantity occurs for a short time, and raw material alloy temperature 
becomes high. Consequently, raw material alloy temperature rises even on 
the level which atomic diffusion produces at high speed, the 
controllability of a reaction process is lost, and only a big and rough 
metal texture is obtained. 

[0038] When performing heat treatment for the above-mentioned 
crystallization using the continuation heat-treating method, the amount 
of supply is stopped low in the raw material alloy-powder end of per 
unit time amount, and it can be necessary to be made to carry out to a 
perimeter by thermal diffusion the fly off of the crystallization heat 
of reaction. Also when it replaces with the continuation heat-treating 
method and is based on a batch-processing method, since it is the same, 
it is necessary to restrict greatly the throughput in the end of a raw 
material alloy powder. 

[0039] Next, the case where a cooling rate is too slow is explained. 
[0040] If a cooling rate is too slow, periodic regularity will be formed 
over the long range. In many cases, Fe which is a stability phase will 
crystallize. Thus, if a cooling rate is too slow, the reinforcement of 
the Bragg reflection peak of a crystal phase will lap on a halo pattern, 
and will come to be observed. When it is observed by the location whose 
bragg scattering peak which is the strongest line of the body center 
cube mold Fe (110) is 0. 203nm of spacings and the reinforcement turns 
into 5% or more of the highest reinforcement of a halo pattern, it can 
judge "a cooling rate is too slow. " Although Fe may be gamma iron of a 
parent phase at a generate-time point, it is metamorphosing into body 
center cube iron at the room temperature. 

[0041] Finally, although a cooling rate is not slow to the degree which 
the crystalline nucleus of Fe generates, the case where it has not 
reached is explained to a desirable cooling rate. Since the crystalline- 
germ embryo has grown to be an already big organization, it becomes 
impossible in this case, to form the detailed crystalline structure by 
the next heat treatment process. The alloy in this case contains many 



metastable phases Z, and according to the powder X diffraction, the 
reinforcement of the Bragg reflection peak of a metastable phase Z 
becomes very high, and it exceeds 200% of the highest reinforcement of a 
halo pattern. 

[0042] It becomes impossible thus, only for a big and rough metal 
texture to generate the raw material alloy of a condition with the very 
big ratio of a metastable phase Z by next heat treatment. The reason is 
that the grain growth of Fe which is a balanced phase arises 
preferentially while the karyogenesis sites of Fe3</SUB>B decrease in 
number. If the metal texture after heat treatment makes it big and rough, 
it will become inadequate magnetic joining together through the exchange 
interaction between the magnetization direction of Fe3B or Fe and the 
magnetization direction of Nd2Fel4B. Consequently, it is no longer made 
to discover the high magnetic properties which an original nano 
composite magnet has. 

[0043] It is as follows when the special feature of the raw material 
alloy for nano composite magnets by this invention is arranged. 
[0044] 1. Since crystallization of Fe3B advances by atomic diffusion of 
the ultrashort range, crystallization of Fe3B begins at low temperature 
comparatively. Consequently, a crystallization reaction rate does not 
become quick too much. 

[0045] 2. The crystallization nucleus of Fe3B distributes by high 
density, and since a thermal equilibrium phase does not crystallize big 
and rough, a detailed crystallization metal texture can be formed. 
[0046] 3. Crystallization can be performed with a sufficient 
controllability, without being accompanied by big crystallization heat 
of reaction. Consequently, the raw material powder throughput in a heat 
treatment process can be increased, without degrading a magnet property. 
[0047] 4. Since a crystalline nucleus required for crystallization of 
Fe3B exists by high density in a raw material alloy, a detailed and 
uniform metal texture can be formed by magnet-ized heat treatment. This 
enables the manifestation of a high magnet property. 
[0048] In order to make a cooling rate into a 5x104 - 5xl06K/second, 
while contacting a molten metal on the periphery front face of the 
rotating cooling roller, carrying out cooling quickly and carrying out 
high-speed coagulation of a part of molten metal, it is required to pull 
apart promptly the alloy thin band made by high-speed coagulation from a 
molten metal. By doing so, the inflow of the heat from a molten metal to 
an alloy thin band can be intercepted, and can carry out cooling further. 
Thereby, it can prevent that a crystallization phase transformation or 
too much structural relaxation happens in an alloy thin band. In 



addition, moderate structural relaxation is required because of 
generation of a metastable phase. 

[0049] In order to perform such high-speed coagulation in the condition 
of having been stabilized industrially and regularly, it is required to 
supply the molten metal of a constant rate to a revolving roll, for that 
purpose, between the supply source of a molten metal, and roll surfaces 
— a molten metal — collecting (it working as a reservoir) — it is 
desirable to make it form stably, such a molten metal — collecting — 
for example, if a molten metal is rectif ication-ized and is injected by 
the pressure of fixed within the limits through the nozzle orifice 
heated more than the melting point, it can form (the 1st rapid 
solidification approach), in this way, the formed molten metal — 
collecting — it is usually called a "paddle" or a "foot." 
[0050] There is the other approach of forming ****** 0 f a molten metal. 
For example, refractories are arranged near the periphery of the 
rotating cooling roller, and the space opened up (the migration 
direction of a roll surface) between refractories and a roll surface is 
formed. A molten metal is contacted to a roll peripheral face, and the 
quenching congelation of a molten metal is made to generate by pouring 
out a molten metal in this space and generating a basin on the roll 
peripheral face to rotate. It is attained also by the approach of making 
it moving up and pulling up this congelation from a basin with a roll 
peripheral face (the 2nd rapid solidification approach). 
[0051] Next, the 3rd rapid solidification approach is explained. First, 
as a peripheral face opposes, it installs the roll of a couple, and a 
slit is set up among both rolls. As this clearance is put from a roll 
side face, a refractories wall is arranged, and the space released up by 
these is formed. A quenching congelation is generated by pouring out a 
molten metal regularly in this clearance space, and contacting a molten 
metal to the roll surface to rotate. At this time, a roll is rotated so 
that a roll surface may go caudad in the clearance part during a roll, 
and it turns caudad from the clearance during a roll, and a quenching 
congelation is discharged. It is also possible to form several pairs of 
roll kneaders further caudad, and to carry out cooling by the 3rd rapid 
solidification approach, multistage. 

[0052] There is also an approach which does not need generation of 
molten metal ****** to each above-mentioned quenching approach. It is 
the approach (the 4th rapid solidification approach) of throwing the 
mist flow of a molten metal toward the rotating roll, and making it 
solidify quickly. However, by such approach, a rapid solidification rate 
will change depending on the volume and rate of a molten metal drop 



which are thrown to a roll surface, and the 1- mentioned above since the 
volume and rate of a molten metal drop were distributed in the dozens 
times [ several times to ] as many range as this — there is an 
inclination for the range of a quenching rate to become large compared 
with the 3rd rapid solidification approach. Consequently, it is 
necessary to opt for setting out of an operating condition 
experiential ly. 

[0053] In addition, it is desirable by pouring water etc. inside a roll 
by the above-mentioned rapid solidification approach in any case to cool 
the roll itself and to hold the temperature of a roll peripheral face to 
constant value. 

[0054] In this invention, the temperature of an alloy is reduced to low 
temperature only by 400-800 degrees C from the alloy temperature Tm 
before quenching (molten metal temperature). Also in which approach 
using an above-mentioned roll kneader, the contact die length of ****** 
of a molten metal and a roll peripheral face is difficult to carry out 
from an engineering viewpoint more than a certain constant value. When 
magnitude of molten metal ****** is carried out more than the fixed 
range which changes in the 1st rapid solidification approach, the 
generation condition of molten metal ****** becomes unstable, and it 
becomes impossible that is, to maintain a steady state. By the 2nd rapid 
solidification approach, since the space for molten metal ****** is 
prepared, some of this upper limit is eased, but if the contact die 
length of a roll and a molten metal becomes long, since the inflow of 
the heat from a molten metal will be continued by the congelation, 
change comes to arise in the structure of a congelation. It is desirable 
to set contact die length to about 5mm or more 50mm or less in 
industrial operation from these viewpoints. 

[0055] The passing speed of a roll surface is adjusted so that a desired 
cooling rate may be attained in the surface of action which specifies 
the above-mentioned contact die length. In the 1st rapid solidification 
approach, the passing speed of a desirable roll surface is about 6- 
20m/second, and, in the 2nd rapid solidification approach, is about 2- 
8m/second. Therefore, if it cools from 1200 degrees C to 800 degrees C 
when contact die length is 10mm and surface velocity is 6m/second, the 
cooling rate of a 2. 4xl05K/second will be obtained. 

[0056] In the case of 5mm contact die length, the minimum roll surface 
velocity demanded from the contact die length of cooling conditions and 
a molten metal, and a roll is equivalent to the conditions which cool 
the temperature section of width-of-face 400K from 1200 degrees C to 800 
degrees C in a minimum cooling rate 5xl04K/second. Since it is required 



that contact time should be 8m/second from a 400K/5xl04K/second, the 
minimum roll surface velocity becomes a second from a 5mm/8m/second in 
about 0.63m /. On the other hand, the highest roll peripheral velocity 
is equivalent to cooling the temperature section of width-of-face 800K 
from 1200 degrees C to 400 degrees C in a 5xl06K/second by contact die 
length of 50mm, and becomes a second in 312.5m /similarly. 
[0057] If roll surface velocity is slow, since it becomes easy to be 
influenced of molten metal supply rate fluctuation, it is not desirable. 
Moreover, if roll surface velocity is too quick, in disturbing molten 
metal ****** and maintenance of a steady state becoming difficult, since 
it will be necessary to raise mechanical strength so that a roll may 
bear the centrifugal force by high-speed revolution, it is not desirable. 
Therefore, in order to realize stable industrial operation as mentioned 
above, a second is usually desirable [ in the about 6~20m / // and 2nd 
quenching approach / in about 2~8m /] by the 1st quenching approach a 
second. 

[0058] The thickness of the alloy obtained by the above-mentioned 
approach in the cooling rate 5x104 - 5xl06K/second is usually within the 
limits of about 70-300 micrometers. Although the passing speed of the 
coagulation interface in rapid solidification changes with the heat 
transfer coefficients of a molten metal and a roll surface, it is 
50mm/second - lOOmm/second in extent by this alloy system. Therefore, if 
for example, contact length cools from 1200 degrees C to 800 degrees C 
with the surface velocity of 6m/second by 10mm, since contact time is 
0. 167m/second, the thickness of an alloy thin band will be about 80 
micrometers - 170 micrometers. 

[0059] Hereafter, the operation gestalt of this invention is explained, 
referring to a drawing. 

[0060] With the [manufacture approach of raw material alloy and its 
powder] book operation gestalt, a raw material alloy is manufactured 
using the equipment shown in drawing 1 (a) and (b). In order to prevent 
oxidation of the raw material alloy containing the rare earth elements 
which are easy to oxidize, an alloy production process is performed in 
an inert gas ambient atmosphere. As inert gas, it is desirable to use 
rare gas, such as helium or an argon. In order that nitrogen may tend to 
react with rare earth elements, using as inert gas is not desirable. 
[0061] The equipment of drawing 1 held the vacuum or the inert gas 
ambient atmosphere, and is equipped with the dissolution room 1 and the 
quenching room 2 of the raw material alloy which can adjust the pressure. 
[0062] The dissolution room 1 is equipped with the fusion furnace 3 
which dissolves the raw material 20 blended so that it might become a 



desired magnet alloy presentation at an elevated temperature, the hot- 
water-storing container 4 which has the tapping nozzle 5 at the pars 
basilaris ossis occipitalis, and the combination feeding equipment 8 for 
supplying a feed ingredient in a fusion furnace 3, controlling 
atmospheric penetration. The hot-water-storing container 4 stores the 
molten metal 21 of a raw material alloy, and has the heating apparatus 
(un-illustrating) which can maintain the tapping temperature on 
predetermined level. 

[0063] The quenching room 2 is equipped with the revolution cooling 
roller 7 for carrying out the rapid solidification of the molten metal 
21 which came out of the tapping nozzle 5, and the fracture machine 10 
which crushes the raw material alloy in which rapid solidification was 
carried out by this in the quenching room 2. According to this equipment, 
it can continue and be parallel and the dissolution, tapping, rapid 
solidification, fracture, etc. can be performed. Such equipment is 
indicated in detail by JP, 8-277403, A. 

[0064] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled by the 
predetermined range. Therefore, controlled atmosphere feed hopper lb, 2b, 
8b and 9b, and the flueing openings la, 2a, 8a, and 9a are formed in the 
suitable part of equipment. 

[0065] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 
hot-water-storing container 4. 

[0066] The tapping nozzle 5 of the hot-water-storing container 4 is 
arranged at the septum of the dissolution room 1 and the quenching room 
2, and makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-storing container 
4. The diameter of an orifice of the tapping nozzle 5 is 0. 5-2. 0mm. 
Although a molten metal 21 stops being able to flow easily in the inside 
of the tapping nozzle 5 when the viscosity of a molten metal 21 is large, 
** which performs tapping of a molten metal 21 smoothly is made by 
forming the pressure differential of magnitude suitable between the 
dissolution room 1 and the quenching room 2. 

[0067] The front face of a cooling roller 7 is covered for example, in 
the chrome plating layer, and the diameter of a cooling roller 7 is 300- 
500mm. The water-cooled capacity of a water cooler established in the 
cooling roller 7 is computed and adjusted according to the coagulation 
latent heat and the amount of tapping per unit time amount. 
[0068] According to this equipment, the rapid solidification of a total 



of the 20kg raw material alloy can be carried out, for example in 20 - 
40 minutes. In this way, before fracture, although the formed alloy is 
the alloy thin band (thickness' 70-150micrometer and width-of-face: 1. 5- 
6mm) (alloy ribbon) 22, after being crushed by the alloy flake 23 with a 
die length of about 2-150mm with fracture equipment 10, they are 
collected by the recovery device section 9. In the example of equipment 
currently illustrated, the recovery device section 9 is equipped with 
the compressor 11, and a flake 23 can be compressed by it. 
[0069] Next, the manufacture approach of the raw material alloy using 
the equipment of drawing 1 is explained. 

[0070] First, a general formula produces the molten metal 21 of the 
alloy for nano composite magnets expressed with any of Fel00-x-yRxBy, 
Fel00-x-y-zRxByCoz, Fel00-x-y-uRxByMu, or Fel00-x-y-z-uRxByCozMu they 
are, and stores in the hot-water-storing container 4 of the dissolution 
room 1. Here, R, M, the presentation ratio x, the range of y, z, and u, 
etc. are as having mentioned above. 

[0071] Next, tapping of this molten metal 21 is carried out on the 
water-cooled roll 7 from the tapping nozzle 5, and contact on the water- 
cooled roll 7 quenches it, and it is solidified. It is necessary to use 
the approach of controlling the high degree of accuracy of a cooling 
rate as the rapid solidification approach, and the piece rolling method 
which is one of the melt quenching methods is used with this operation 
gestalt. Although it is also possible for rapid solidification to use 
the gas atomizing method in addition to this, since yield of the powder 
particle which the cooling rate was greatly dependent on powder particle 
size, changed, and passed through the suitable cooling rate is not 
raised according to this approach, to this invention, it is unsuitable. 
[0072] Let a cooling rate be a 5x104 - 5xl06K/second on the occasion of 
the cooling coagulation of a molten metal 21 with this operation gestalt. 
Only **T 1 reduces the temperature of an alloy to low temperature with 
this cooling rate. Since the temperature of the alloy molten metal 21 
before quenching is in the temperature (for example, 1200-1300 degrees 
C) near the melting point Tm, the temperature of an alloy falls to (Tm- 
**T1) from Tm on a cooling roller 7. According to the experiment of an 
invention-in-this-application person, it is desirable that **T1 is 
within the limits of 400-800 degrees C from a viewpoint of raising a 
final magnet property. 

[0073] The time amount by which the molten metal 21 of an alloy is 
cooled with a cooling roller 7 is equivalent to time amount after the 
periphery surface alloys of the rotating cooling roller 7 contact until 
it separates, and, in the case of this operation gestalt, it is 0. 5 - 2 



ms. Between them, the temperature of an alloy falls and solidifies only 
**T 2 further. Then, the solidified alloy separates from a cooling 
roller 7, and flies the inside of an inert atmosphere. As a result of 
heat' s being taken by the controlled atmosphere while the alloy is 
flying with thin band-like one, the temperature falls to (Tm-**T1-**T2) . 
Although **T2 change with the size of equipment, or the pressures of a 
controlled atmosphere, they are about 100 degrees C or more than it. 
[0074] With this operation gestalt, the temperature of the alloy thin 
band 22 performs a crushing process promptly within equipment in the 
phase set to (Tm-**T1-**T2) , and produces the alloy flake 23 on that 
spot. Therefore, it is desirable to adjust so that the magnitude to 
which (Tm-**T1-**T2) becomes lower than the glass temperature Tg of an 
alloy (**T1+**T2). It is because it will be in the condition that the 
alloy became soft and the fracture will become difficult, if it is 
>=(Tm-**Tl-**T2) Tg. When performing fracture / grinding process of a 
coagulation alloy separately with other equipments, in order for alloy 
temperature to fall to room temperature extent, it is not necessary to 
take the magnitude of (**T1+**T2) into consideration. 

[0075] In addition, as for the absolute pressure in the quenching room 2, 
it is desirable to set up within the limits of 2~30kPa, and it is still 
more desirable to set up within the limits of 3-10kPa. It is because the 
alloy thin band 22 which the cooling condition was equalized and was 
excellent in the shape of surface type will be obtained even if a 
possibility that a controlled atmosphere may be wound between a molten 
metal 21 and the front face of a roller 7 disappears and it makes the 
cooling rate of a molten metal 21 lower than before if it flows down a 
molten metal 21 on the cooling roller 7 in the state of such reduced 
pressure. On the other hand, when it flows down a molten metal 21 on the 
cooling roller which rotates with a late peripheral velocity like this 
operation gestalt in an ordinary pressure ambient atmosphere, there is a 
possibility that the shape of surface type of the alloy thin band 22 may 
deteriorate. 

[0076] Moreover, if it continues at a rapid solidification process and 
the crushing process of the coagulation alloy by shredding equipment is 
promptly performed like this operation gestalt, the quenching alloy 
breathed out from the cooling roller as a long alloy ribbon is 
recoverable in a compact in space narrow in comparison. If rapid 
solidification equipment and shredding equipment are made another 
configuration, it will be necessary to once contain it in the condition 
of having been bulky, using a quenching alloy as a long thin band. 
[0077] If well-known mechanical grinding equipment grinds further the 



alloy flake crushed by fracture equipment, the alloy-powder end of the 
magnitude suitable for a heat treatment process or a subsequent forming 
cycle is producible. With this operation gestalt, it grinds after 
performing coarse grinding of an alloy until it is set to about 850 
micrometers or less with power mill equipment until grain size is set to 
about 150 micrometers or less with pin disc mill equipment. 
[0078] The heat treatment approach performed to the above-mentioned end 
of a raw material alloy powder is explained below to [the manufacture 
approach of nano composite magnet powder], referring to drawing 2 . 
[0079] Drawing 2 shows the powder firing furnace equipment which used 
the hoop belt. This equipment equips the one direction with the hoop 
belt 26 driven at a predetermined rate by revolution of the roll 
kneaders 24 and 25 supported pivotable with the body 28 and those roll 
kneaders 24 and 25. The powder of a raw material alloy is supplied to 
the raw material feed location A on the hoop belt 26, and is carried by 
the left in drawing. The powder supplied on the hoop belt 26 is leveled 
by ****** 27, and powdered height is adjusted by it to below fixed level 
(for example, height of 2-4mm). Then, powder goes into the heating zone 
surrounded by the metal tube, and receives heat treatment for 
microcrystal-izing there. In the heating zone (for example, die length 
of 1100mm), it divides for example, into three zones, and the non- 
illustrated heater is arranged (the die length of one zone is 300mm). 
Powder will receive heat treatment, moving in the inside of a heating 
zone. In the latter part of a heating zone, the cooling zone C with a 
die length of 800mm exists, and powder is cooled by passing through the 
inside of the metal cylinder by which water cooling was carried out. The 
cooled powder is recovered by the non-illustrated recovery system with 
the lower left direction of the revolution roller 25. 
[0080] According to this thermal treatment equipment, a heat treatment 
process is controllable by adjusting the passing speed of the hoop belt 
26 to the die length of the given heating zone. 

[0081] What is necessary is to part [ for temperature-up rate/of 100-150 
degrees C ] raise the heat treatment temperature of even 590-700 degrees 
C, and just to hold the condition for about 5-15 minutes as a heat 
treatment process, for example. Then, alloy temperature is reduced to 
room temperature level in a part for temperature fall rate/of 100-150 
degrees C. 

[0082] In addition, what is necessary is to lengthen the die length of a 
heating zone and just to carry out revolution peripheral velocity of the 
revolution rollers 24 and 25 early, while making large width of face of 
the hoop belt 26 and enlarging the powder amount of supply of the hit by 



the unit length of the hoop belt 26, in order to increase the amount of 
processing powder of heat treatment. According to the end of an alloy 
powder by this invention, since rapidly big crystallization heat of 
reaction is not generated on the occasion of heat treatment, the 
temperature control in the end of an alloy powder in a heat treatment 
process is easy. Consequently, even if it increases the powder amount of 
supply, magnet powder with stable magnetic properties is producible. 
[0083] Carrier beam raw material powder microcrystal-izes heat treatment 
by the above-mentioned thermal treatment equipment, as mentioned above, 
and the property as a nano composite magnet can be demonstrated now. In 
this way, it is in a metallic glass condition before heat treatment, and 
the end of a raw material alloy powder the property as a hard magnetic 
material was not shown changes to the nano composite magnet alloy powder 
which was excellent in magnetic properties with heat treatment. 
[0084] How to manufacture a magnet from the above-mentioned nano 
composite magnet alloy powder is explained below to [the magnetic 
manufacture approach]. 

[0085] First, a compound is produced by adding and kneading the binder 
and additive which become the nano composite magnet alloy powder 
obtained as mentioned above from an epoxy resin. Next, after carrying 
out press forming with shaping equipment with the shaping space of the 
request configuration of a party udo, a final bond magnet can be 
obtained through a heat hardening process, a washing process, a coating 
process, an inspection process, and a magnetization process. 
[0086] A fabricating operation is not necessarily limited to above- 
mentioned compression molding, and is good also by well-known extrusion 
molding, injection molding, or rolling shaping. Magnet powder will be 
kneaded with brass tic resin and rubber according to the class of 
fabricating method to adopt. 

[0087] In addition, when based on injection molding, high softening 
temperature resin can be used like PPS besides the polyimide (nylon) 
currently widely used as resin. This is because the magnet powder of 
this invention is formed from the low rare earth alloy, so a magnet 
property does not deteriorate even if it is hard to oxidize and performs 
injection molding at temperature high in comparison. 
[0088] Moreover, since the magnet of this invention cannot oxidize 
easily, it does not have to carry out the coat of the final magnet front 
face by the resin film. It is also possible to manufacture the 
components which pressed the magnet powder and melting resin of this 
invention fit with injection molding in the slot of the components which 
follow, for example, have the slot of a complicated configuration, and 



were equipped with the magnet of a complicated configuration in one by 
it. 

[0089] The operation gestalt of a [motor], next the motor equipped with 
the magnet which carried out in this way and was manufactured is 
explained. 

[0090] The motor of this operation gestalt is an IPM (Inner Permanent 
Magnet) mold motor, and the bond magnet produced by the above-mentioned 
manufacture approach is used for it as a spring magnet of one apparatus 
Rota. 

[0091] In addition, it cannot be overemphasized that the magnet of this 
invention is used suitable for other motors and actuators of a class 
besides this kind of motor. 

[0092] Below, the example and the example of a comparison of this 
invention are explained. 

[0093] In [1st example] this example, absolute pressure performed the 
above-mentioned rapid solidification process in the argon ambient 
atmosphere of 30 or less kPas. As a cooling roller, the roll made from a 
copper alloy (diameter- 350mm) covered in the chrome plating layer with 
a thickness of 5~15 micrometers was used. The rapid solidification of 
the molten metal of a raw material alloy was flowed down it and carried 
out on the periphery front face, rotating the roll made from a copper 
alloy with the peripheral velocity of lOm/second. When the temperature 
of a molten metal was measured with the emission pyrometer, it was 1300 
degrees C. The molten metal dropped the diameter of 1. 3-1. 5mm by 
carrying out at the rate of per second 10-20g from the orifice. 
[0094] The ratio (%) of the Bragg reflection reinforcement of the 
metastable phase Z to the presentation of the molten metal about each 
example and the highest reinforcement of a halo pattern is shown in a 
table 1. As shown in a table 1, "the ratio of Bragg reflection 
reinforcement" suited 5 - 200% of within the limits also about which 
example. In addition, in a table 1, the notation "Nd2. 5+Prl" indicated 
by the column of "R" means that each presentation ratio is 2. 5 atoms % 
and one atom % including Nd and Pr as rare earth elements R. 
[0095] Drawing 3 (a) shows the powder X diffraction pattern about the 
example of a number 2. the halo pattern which makes a background so that 
drawing 3 (a) may show — 2 — while the highest reinforcement is shown 
in theta = about 43 degrees, a steep peak on the strength is observed in 
20= 51.4 degrees. This steep peak on the strength is a bragg scattering 
peak which appeared in the location equivalent to 0. 179nm**0. 005nm 
crystal-face spacing. This bragg scattering peak is based on a 
metastable phase Z. Otherwise, the diffraction line by the metastable 



phase Z is observed by the location equivalent to a 0. 417nm**0. 005nm 
crystal-face spacing and 0. 267nm**0. 005nm crystal-face spacing. 
[0096] In addition, observation of the above-mentioned powder X 
diffraction pattern installed and performed the monochromator between 
the sample and Cu target, using Rigaku RINT2000 as a measuring device. 
[0097] After grinding the raw material alloy of this example to powder 
with the particle size of 850 micrometers or less, it heat-treated in 
the end of a raw material alloy powder with the fine-particles firing 
furnace (for a trial' die length of 2m) of drawing 2 . After passing 
through a heating zone in 10 minutes the end of a raw material alloy 
powder, it passed through the cooling zone C in 10 minutes. A heat 
treatment ambient atmosphere is argon gas, and supplied the end of a raw 
material alloy powder by the loading consistency of 0.6 g/cm2 per unit 
area. The magnetic properties and the optimal heat treatment temperature 
at the time of setting the throughput per unit time amount to 3kg are 
shown in a table 2. 

[0098] The same process as an example was performed using the molten 
metal which has the presentation shown in the [example 1 of comparison] 
table 3. 

[0099] The point of difference with an example is in the cooling rate of 
a molten metal, and carried out roll peripheral velocity in 20m/second 
in this example of a comparison. Other conditions are substantially [ as 
the conditions of an example ] the same. A table 3 shows that the ratio 
(%) of the Bragg reflection reinforcement of the metastable phase Z to 
the highest reinforcement of a halo pattern is less than 5%. 
[0100] Drawing 3 (b) shows the powder X diffraction pattern about the 
example of a number 2. The bragg scattering peak by the metastable phase 
Z was not clearly observed so that drawing 3 (b) might show. 
[0101] The magnetic properties after the optimal heat treatment 
temperature about this example of a comparison and heat treatment are 
shown in a table 4. The thermal treatment equipment and the approach are 
the same as that of the case of an example. Coercive force is low as 
compared with an example, and a table 4 shows that the magnet property 
is inferior. This cause has the bad controllability of heat treatment, 
and is because desirable crystal growth is not realized. 
[0102] In order to make a magnet property equivalent to the magnet 
property of an example discover, the powder throughput at the time of 
heat treatment needed to be reduced to 0. 7kg per hour. Since the 
controllability of heat treatment is falling in the case of the example 
of a comparison, unless it lessens the amount in the end of an alloy 
powder and it is processed, a magnet alloy with a desired metal texture 



cannot be obtained. The example of a comparison is inferior in the 
throughput by the heat treatment process for magnet-izing, and this 
shows that it is not fit for mass production. 

[0103] The same process as an example was performed using the molten 
metal which has the presentation shown in the [example 2 of comparison] 
table 5. 

[0104] The point of difference with an example is in a cooling rate and 
the amount of flowing down of a molten metal. In this example of a 
comparison, roll peripheral velocity was carried out in 5m/second, and 
the molten metal was dropped at the rate of per second 20~30g. The 
powder throughput at the time of heat treatment could be 3kg per hour. 
Other conditions are substantially [ as the conditions of an example ] 
the same. 

[0105] The ratio (%) of the Bragg reflection reinforcement of the 
metastable phase Z to the highest reinforcement of a halo pattern and 
the ratio (%) of the reinforcement of the bragg scattering (110) peak of 
the body center cube mold Fe are shown in a table 5. If a cooling rate 
is too slow as shown in a table 5, the ratio (%) of the Bragg reflection 
reinforcement of the metastable phase Z to the highest reinforcement of 
a halo pattern is over 200%. 

[0106] Drawing 4 shows the powder X diffraction pattern about the 
example of a number 2. Although the bragg scattering peak by the 
metastable phase Z is notably observed so that drawing 4 may show, the 
reinforcement of a halo pattern is falling remarkably. 
[0107] About this example of a comparison, the magnetic properties and 
the optimal heat treatment temperature after heat treatment are shown in 
a table 5. The thermal treatment equipment and the approach are the same 
as that of the case of an example. Coercive force is low as compared 
with an example, and a table 6 shows that the magnet property is 
inferior. 

[0108] Even if it changed the powder throughput at the time of heat 
treatment, a magnet property equivalent to the magnet property of an 
example was not able to be made to discover. This shows that it becomes 
impossible to acquire a desirable nano composite presentation when a 
cooling rate is too slow. 

[0109] The example by the 2nd approach mentioned above is explained 
below the [2nd example]. 

[0110] In this example, the relative position of a nozzle orifice and a 
roll kneader was changed in the equipment of drawing 1 . More, the 
molten metal was concentrated through ** from the 45 slanting upper part 
on the basis of the core of a cooling roller 7, and the rapid 



solidification of the molten metal was carried out to the detail, 
controlling so that the depth of a molten metal is set to 5mm - 8mm in 
the space . (width of face of 10mm) of the upper part release surrounded 
by ** and the roll peripheral face. In addition, the presentation of the 
raw material alloy used by this example is the same as that of what was 
indicated by a table 1 and the table 3. 

[0111] The alloy thin band which contacted the roll surface and was 
solidified was pulled out up with the revolution of a roll 7, in the 
neighborhood which passed the summit of a roll 7, separated from the 
roll 7 and fell caudad. Then, through the sliding way, the alloy thin 
band was introduced into the grinder and ground. The roll peripheral 
velocity at this time was 5m/second. Molten metal temperature was 1200 
degrees C - 1280 degrees C in the location of a basin, and the ambient 
atmosphere pressure at the time of cooling was 40kPa~50kPa. The 
temperature of an alloy thin band measured the infrared reinforcement of 
3-5 micrometers of wavelength bands, assumed iron black body radiation, 
and presumed it from the Stephen Boltzmann distribution. In this way, 
the presumed temperature of the obtained alloy thin band had already 
fallen to about 800 degrees C - 900 degrees C immediately after pulling 
out from a basin. Moreover, the thickness of the obtained alloy thin 
band was 100 micrometers - 170 micrometers. The contact die length of a 
molten metal and a roll estimated the quenching rate at the time of 
coagulation to be a 1. 3xl06K/second - 3. 4xl06K/second as 1.4 times (1/45 
cos(es)) of the depth of a molten bath. 

[0112] Since cooling of it was carried out still more promptly after 
being able to pull up a molten metal from a basin, the alloy thin band 
temperature in the event of exfoliating from a roll 7 was falling to 
400-500 degrees C. Since the diameter of a roll of the equipment used by 
this example was 350mm, time amount after a molten metal contacts a roll 
until it separates was equivalent to the time amount which a roll 
rotates 1/8, and was about 20m/second. Therefore, the cooling rate of 
the average on the roll of a molten metal estimates that it was a 
3. 6xl04K/second - 4. 5xl04K/second. 

[0113] The vitrification transition temperature of these alloys is about 
550 degrees C - 580 degrees C at most, even when thermal analysis is 
performed on the conditions which heat an amorphous alloy by part for 
20-degree-C/and glass transition is observed below at the 
crystallization temperature (about 590-600 degrees C) of Fe3B. On the 
other hand, when glass transition is not observed by such thermal 
analysis, vitrification transition temperature will be beyond 
crystallization temperature. Since the alloy thin band temperature at 



the time of an alloy thin band separating from a roll 7 was 400-500 
degrees C in the case of this example, after quenching an alloy thin 
band below at vitrification transition temperature, it turns out that 
the roll 7 was left. 

[0114] Thus, as a result of measuring the obtained alloy thin band using 
Cu-K alpha rays with X-ray diffractometer, the diffraction pattern shown 
in drawing 5 was obtained. It turned out that it is what can carry out 
indexing as a Fe23 B6 phase as the diffraction line in this diffraction 
pattern was shown all over drawing. 

[0115] When this raw material was heat-treated by the amount of supply 
of 3 kg/h using the heat treating furnace for assessment shown in 
drawing 2 , the magnet property shown in a table 7 in the heat treatment 
temperature (laying temperature of a furnace) shown in a table 7, 
respectively was acquired. When the example 1 of a comparison and this 
example which were heat-treated by the amount of supply of 0. 7 kg/h are 
compared about the alloy of the same presentation, it turns out that the 
magnetic properties of this example are relatively high. In other words, 
the heat treatment process of this example has a high throughput. In 
addition, the number of the leftmost column of a table 7 is equivalent 
to the number shown in a table 1 and a table 3, and the same number 
shows the raw material alloy of the same presentation. 
[0116] The example by the 3rd approach mentioned above is explained 
below the [3rd example]. 

[0117] As the distance between rolls was set to 160 micrometers, the 
relative configuration of the quenching roll made from carbon steel of 
the couple of 150mm of diameters of a roll was carried out, and hard 
flow was made to rotate a roll mutually at the same rate so that a roll 
surface may move caudad in the clearance location during a roll. This 
example also carried out roll surface velocity in 5m/second. The weir of 
refractories is made through the refractories felt on a roll side face, 
and it was made for a molten metal not to leak in the direction of a 
side face. Thus, it was made to flow down a molten metal toward the 
clearance between rolls through a quartz nozzle orifice from the upper 
part, and the basin was formed in the clearance space during a roll. The 
basin depth presumed based on the width of face (as parallel as roll 
spacing) of a basin was about 10mm. The molten metal was caudad pulled 
out from the clearance during a roll, and the continuous quenching alloy 
thin band was formed. 1300 degrees C and the alloy thin band temperature 
of the molten metal temperature before quenching were about 800 degrees 
C directly under the roll. Therefore, the average cooling rate was 
estimated to be an abbreviation 2. 5xl05K/second. In this example, 



cooling of the thin band was further carried out according to the 
cooling argon gas stream, and thin band temperature was reduced at 500 
degrees C or less. 

[0118] When this alloy was heat-treated by the amount of supply of 
3kg/hour using the heat treating furnace for assessment shown in drawing 
2 , the magnet property shown in a table 8 in the optimal heat treatment 
temperature (laying temperature of a furnace) shown in a table 8, 
respectively was acquired. When the example 1 of a comparison and this 
example which were heat-treated by the amount of supply of 0. 7kg/hour 
are compared about the alloy of the same presentation, it turns out that 
the magnetic properties of this example are relatively high. In other 
words, the heat treatment process of this example has a high throughput. 
[0119] 
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[A table 7] 
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[0127] The reason for definition of an alloy presentation is explained 
to the [reason for presentation definition] last. 

[0128] Rare earth elements R are elements indispensable to R2Fel4B which 
is a hard magnetism phase. R in this invention contains the element of 
either Pr or Nd and both more than 90 atom %, and contains the 
lanthanide of others [ remainder ], or the element more than a kind of Y 
less than 10% 0% or more. The element of either Pr and Nd is 
indispensable in order to generate R2Fel4B with a uniaxial-crystal 
magnetic anisotropy. Rare earth elements other than Pr and Nd are 
suitably chosen as arbitration. Since there is too little effectiveness 
of coercive force generating when less than 2 atom %, the presentation 
ratio of R is not desirable. On the other hand, if the presentation 
ratio of R exceeds 6 atom %, since Fe3 B phase and Nd2Fel4 B phase will 
not be generated but an alpha-Fe phase will turn into the main phase, 
coercive force will decline remarkably. From the above thing, it is 
desirable about the presentation ratio x of R that it is 2<=x< ::: 6. 
[0129] B is an element indispensable for both R2Fel4B which is Fe3B and 
the hard magnetism phase which are a software magnetism phase. Since 
necessary coercive force will not be demonstrated if the presentation 
ratio y of B separates from the range of 16 - 20 atom %, about the 
presentation ratio y of B, it is desirable that it is 16<=y<=20. 
Furthermore, if B separates from this presentation range, since the 
melting point will rise, it will be necessary to raise a melting 
temperature and the incubation temperature of a hot-water-storing 
container and and amorphous generation ability will also fall, a desired 
quenching alloy organization becomes is hard to be obtained. 
[0130] By raising Curie temperature, Co decreases the temperature-change 
dependency of magnetic properties, consequently has the function to 



stabilize magnetic properties. Moreover, there is also a function to 
improve the viscosity of an alloy molten metal, and it contributes also 
to stabilization of a molten metal flowing-down rate. If the addition 
rate of Co is less than 0.02 atom %, the above-mentioned function will 
not fully be demonstrated, but if 7 atom % is exceeded, a magnetization 
property will begin to fall. When acquiring the effectiveness of this 
invention, addition of Co is not [ that what is necessary is just to 
perform addition of Co to demonstrate these functions ] necessarily 
indispensable. When adding Co, it is desirable that 0. 2<=z<=7 is 
materialized about the presentation ratio z from an above-mentioned 
reason. 

[0131] M is added to increase coercive force as much as possible. If the 
addition rate of M is less than 0.01 atom %, the increment in coercive 
force will not fully be observed, but if the addition rate of M exceeds 
7 atom %, magnetization will fall. Therefore, when adding M, it is 
desirable about the presentation ratio u that 0. K=z<=7 is materialized. 
In M, Cr demonstrates the effectiveness of corrosion-resistant 
improvement besides the increment in coercive force. Moreover, Cu, Au, 
and Ag are effective in expanding the proper temperature requirement in 
heat-of-crystallization down stream processing. 
[0132] 

[Effect of the Invention] According to the raw material alloy for nano 
composite magnets by this invention, since crystallization of Fe3B 
advances by atomic diffusion of the ultrashort range, crystallization of 
Fe3B becomes possible at low temperature comparatively. Moreover, since 
the temperature requirement where crystallization of Fe3B advances 
shifts from the temperature requirement where crystallization of 
Nd2Fel4B advances, each crystallization takes place independently in 
time at the time of heat treatment. For this reason, microcrystal- 
ization can be performed with a sufficient controllability, without 
crystallization heat of reaction's distributing to a large temperature 
requirement, and emitting big crystallization heat of reaction at once. 
Consequently, the raw material powder throughput in a heat treatment 
process can be raised, without degrading a magnet property. 
[0133] Moreover, since a crystalline nucleus required for 
crystallization of Fe3B exists by high density in a raw material alloy, 
by magnet-ized heat treatment, a detailed and uniform metal texture can 
be formed and the manifestation of a high magnet property is enabled. 
[0134] According to the manufacture approach of the raw material alloy 
for nano composite magnets of this invention, it becomes possible to 
control the cooling process for alloy formation, using the Bragg 



reflection peak in the X diffraction of an alloy as an index. For this 
reason, optimizing a cooling rate or managing become easy, it is 
stabilized and the raw material alloy for the nano composite magnet 
excellent in the magnet property can be manufactured now. 
[0135] According to the manufacture approach of the nano composite 
magnet powder of this invention, since a detailed and uniform metal 
texture can be formed with a sufficient controllability by magnet-ized 
heat treatment, it becomes possible to offer the magnet excellent in the 
magnet property by the high throughput. 

[0136] Since the outstanding magnet property is demonstrated according 
to the nano composite magnet of this invention, the property of a motor, 
an actuator, etc. can be raised at low cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the sectional view showing the whole equipment 
example of a configuration used for the approach of manufacturing the 
raw material alloy for nano composite magnets by this invention, and (b) 
is an enlarged drawing of a part with which rapid solidification is 
performed. 

[Drawing 2] It is the sectional view showing the example of the thermal 
treatment equipment used for the approach of manufacturing the nano 
composite magnet by this invention. 

[Drawing 3] (a) is a graph which shows the X diffraction pattern of the 
1st example, and (b) is a graph which shows the X diffraction pattern of 
the example 1 of a comparison. 

[Drawing 4] It is the graph which shows the X diffraction pattern of the 
example 2 of a comparison. 



[Drawing 5] It is the graph which shows the X diffraction pattern of the 
2nd example. 

[Description of Notations] 

lb, 2b, 8b and 9b Controlled atmosphere feed hopper 
la, 2a, 8a, and 9a Flueing opening 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Revolution Cooling Roller 

10 Fracture Machine 10 

11 Compressor 

21 Molten Metal 

22 Alloy Thin Band 

23 Alloy Flake 
28 Body 

24 Roll Kneader 

25 Roll Kneader 

26 Hoop Belt 

27 ****** 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
8 




[Drawing 3] 



(a) 




20.000 40.000 60.000 80.000 100.000 120. 000 
20 [° ] 



(b) 




20.000 40.000 60.000 80.000 100-000 120.000 

2 8 r ] 



[Drawing 4] 
2000 



Ji 1000 





z 


Fe(llO) 




-. i 






z 



30 40 50 60 70 80 90 

2BC ] 



[Drawing 5] 
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